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CLAIMS 


[Claim(s)] 

[Claim 1] An illumination-light study system for illuminating the 1 st body Projection optics for projecting an image of 
said 1st body illuminated by this illumination-light study system on the 2nd body It is the projection aligner equipped 
with the above. Said projection optics The 1st lens group which has positive refractive power sequentially from said 1st 
body side, and the 2nd lens group which has negative refractive power, It has the 3rd lens group which has positive 
refractive power, the 4th lens group which has negative refractive power, the 5th lens group which has positive 
refractive power, and the 6th lens group which has positive refractive power. Said projection opitics By having an optical 
member which consisted of at least one lens which can incline in one to an optical axis in said 1st lens group and said 
2nd lens group, and making said optical member incline to an optical axis rotation which remains in said projection 
optics - it is characterized by amending a gap or eccentric astigmatism of an unsymmetrical image position. 
[Claim 2] rotation which remains in said projection optics by having the following and making said 1st optical member, 
said 2nd optical member, and said 3rd optical member incline to an optical axis, respectively - a projection aligner 
according to claim 1 characterized by amending a gap and eccentric astigmatism of an unsymmetrical image position 
independently. Said optical member is the 1st optical member which consisted of at least one lens which can incline in 
one to an optical axis in said 1 st lens group and said 2nd lens group. Consisting of at least one lens which can incline in 
one to an optical axis in said 1st lens group and said 2nd lens group, said 1st optical member is the 2nd optical member 
which can incline independently. Consisting of at least one lens which can incline in one to an optical axis in said 1st 
lens group and said 2nd lens group, said 1st optical member and said 2nd optical member are the 3rd optical member 
which can incline independently. 

[Claim 3] It is a focal distance of said 1st lens group fl It carries out and is a focal distance of said 2nd lens group £2 It 

carries out. It is a focal distance of said 3rd lens group f3 It carries out and is a focal distance of said 4th lens group f4 It 

carries out and is a focal distance of said 5th lens group f5 It carries out and is a focal distance of said 6th lens group f6 

When carrying out and setting shaft top distance from said 1st body to said 2nd body to L, fl / L< 0.8 (1) 

-0.033<f2 /L (2) 

0.01<f3/L<1.0(3) 

f4 /L<-0.005 (4) 

0.01<f5 /L<0.9 (5) 

0.02<f6/L<1.6(6) 

A projection aligner according to claim 1 or 2 characterized by satisfying ******. 

[Claim 4] A projection aligner given in claim 1 characterized by having at least the 2nd lens and the 3rd lens which has 
negative refractive power characterized by providing the following thru/or any 1 term of 3 Said 2nd lens group is the 
front lens of negative refractive power which has been arranged most at the 1st body side and turned a concave surface 
to said 2nd body side. A back lens of a negative meniscus configuration where it has been arranged most at the 2nd 
body side, and a concave surface was turned to said 1st body side It is the 1st lens with which it has a middle lens group 
arranged between said front lenses and said back lenses, and said middle lens group has positive refractive power 
sequentially from said 1 st body side. Negative refractive power 

[Claim 5] It is 1 .0<I/L, when setting shaft top distance from said 1 st body to the 1 st body side focus of said whole 

projection optics to I and setting shaft top distance from said 1st body to said 2nd body to L. (7) 

A projection aligner given in claim 1 characterized by satisfying ****** thru/or any 1 term of 4. 

[Claim 6] It is r2Ff about radius of curvature of a field by the side of the 1st body of said front lens in said 2nd lens 

group. It carries out and is r2Fr about radius of curvature of a field by the side of the 2nd body of said front lens. When 

carrying out 1 .00 <=(r2Ff-r2Fr)/(r2Ff+r2Fr) <5.0 (8) , 

A projection aligner given in claim 1 characterized by satisfying ****** thru/or any 1 term of 5. 
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[Claim 7] When setting an axial sky mind gap between said 5th lens groups and said 6th lens groups to d56 and setting 

sljaft top distance from said 1st body to said 2nd body to L, it is d56 / L< 0.017. (9) 

A projection aligner given in claim 1 characterized by satisfying ****** thru/or any 1 term of 6. 

[Claim 8] said 6th lens group — most - radius of curvature of a lens side by the side of the 1st body — r6F — carrying 

out — the 6th lens group - most - shaft top distance from a lens side by the side of the 1st body to the 2nd body — d6 ** 

- a time of carrying out -- 0.50 - < -- d6/r6F<1.50 (10) 

A projection aligner given in claim 1 characterized by satisfying ****** thru/or any 1 term of 7. 

[Claim 9] When setting a focal distance of said front lens in said 2nd lens group to f2F and setting a focal distance of 

said back lens in said 2nd lens group to f2R, it is 0 <=f2 F/£2R<1 8. (11) 

A projection aligner given in claim 1 characterized by satisfying ****** thru/or any 1 term of 8. 

[Claim 10] A projection aligner given in claim 1 thru/or any 1 term of 9 characterized by providing the following Said 

1st lens group has at least two positive lenses, said 3rd lens group has at least three positive lenses, said 4th lens group 

has at least three negative lenses, and said 5th lens groups are at least five positive lenses. Having at least one negative 

lens, said 6th lens group is at least one positive lens. 

[Claim 1 1] It is incidence high [ to a lens side of a chief ray from a point of the maximum body high on said 1st body ] 
hO It is incidence high [ to a lens side of an oblique ray which carries out and has the maximum numerical aperture from 
an axial choice-goods point on said 1st body ] hi A lens which constitutes said optical member when carrying out and 
setting the maximum effective diameter of said projection optics to phi is 0.170<h0 / phi. (12) 
hl/phi<0.35(13) 

A projection aligner given in claim 1 characterized by satisfying ****** thru/or any 1 term of 10. 
[Claim 12] Projection characterized by providing the following An illumination-light study system for illuminating the 
1st body In a projection optics aligner for projecting an image of said 1st body illuminated by this illumination-light 
study system on the 2nd body said projection optics It has an optical member for amending a gap or eccentric 
astigmatism of an unsymmetrical image position, rotation which consists of at least one lens which can incline in one to 
an optical axis, and remains in said projection optics - It is incidence high [ to a lens side of a chief ray from a point of 
the maximum body high on said 1st body ] hO It carries out. It is incidence high [ to a lens side of an oblique ray which 
has the maximum numerical aperture from an axial choice-goods point on said 1st body ] hi A lens which constitutes 
said optical member when carrying out and setting the maximum effective diameter of said projection optics to phi is 
0.170<h0/phi. (12) 
hl/phi<0.35(13) 

A projection aligner characterized by satisfying ******. 

[Claim 13] rotation which remains in said projection optics by having the following and making said 1st optical 
member, said 2nd optical member, and said 3rd optical member incline to an optical axis, respectively - a projection 
aligner according to claim 12 characterized by amending a gap and eccentric astigmatism of an unsymmetrical image 
position independently. Said optical member is the 1st optical member which consisted of at least one lens which can 
incline in one to an optical axis. Consisting of at least one lens which can incline in one to an optical axis, said 1st 
optical member is the 2nd optical member which can incline independently. Consisting of at least one lens which can 
incline in one to an optical axis, said 1st optical member and said 2nd optical member are the 3rd optical member which 
can incline independently. 


[Translation done.] 
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DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the aberration amendment in the projection 

aligner for semiconductor manufacture especially about a projection aligner. 

[0002] 

[Description of the Prior Art] For example, in the projection aligner used for manufacture of a semiconductor device, 
the engine performance demanded from projection optics is still severer along with detailed-izing of the pattern of an 
integrated circuit. In such a condition, high resolution, the surface smoothness of the image surface, little distortion 
(distortion aberration), etc. are demanded about projection optics. For this reason, in order to acquire high resolution, for 
example, exposure wavelength lambda is shortened or numerical aperture NA of projection optics is enlarged. 
Moreover, a curvature of field is made small and efforts to mitigate distortion aberration are made. 
[0003] 

[Problem(s) to be Solved by the Invention] Thus, the lens number of sheets which constitutes projection optics 
increased, and the configuration is increasingly complicated as a military requirement becomes severe. For this reason, 
in order to suppress many aberration, such as a curvature of field of projection optics, astigmatism, and distortion 
aberration, in the condition of having carried in the projection aligner, as a layout value and to demonstrate desired high 
performance, it is necessary to make high each manufacture precision and assembly precision of lens components which 
constitute projection optics, however « the projection optics carried in the projection aligner even if it made high each 
manufacture precision and assembly precision of lens components - especially rotation ~ many aberration, such as a 
gap of an unsymmetrical image position and eccentric astigmatism, will remain, here - rotation - a gap of the image 
position from the ideal image point is in an unsymmetrical aberration condition about an optical axis, and a gap of an 
unsymmetrical image position is the so-called distortion aberration. Moreover, eccentric astigmatism is astigmatism 
which originates in the eccentricity of the optical axis of each lens, and the layout optical axis of projection optics, and 
is generated. 

[0004] this invention is made in view of the above-mentioned technical problem - having ~ a manufacture error, an 
assembly error, etc. - originating - projection optics ~ rotation - even if many aberration, such as a gap of an 
unsymmetrical image position and eccentric astigmatism, remains, it aims at offering the highly efficient projection 
aligner excellent in the repeatability which can amend these residual aberrations at any time where projection optics is 
carried. 
[0005] 

[Means for Solving the Problem] In order to solve said technical problem, it sets to the 1st invention of this invention. In 
a projection aligner equipped with an illumination-light study system for illuminating the 1st body, and projection optics 
for projecting an image of said 1st body illuminated by this illumination-light study system on the 2nd body The 1st lens 
group in which said projection optics has positive refractive power sequentially from said 1st body side, The 2nd lens 
group which has negative refractive power, and the 3rd lens group which has positive refractive power, It has the 4th 
lens group which has negative refractive power, the 5th lens group which has positive refractive power, and the 6th lens 
group which has positive refractive power. Said projection optics By having an optical member which consisted of at 
least one lens which can incline in one to an optical axis in said 1st lens group and said 2nd lens group, and making said 
optical member incline to an optical axis rotation which remains in said projection optics ~ a projection aligner 
characterized by amending a gap or eccentric astigmatism of an unsymmetrical image position is offered. 
[0006] According to the desirable mode of the 1st invention, said optical member The 1st optical member which 
consisted of at least one lens which can incline in one to an optical axis in said 1st lens group and said 2nd lens group, It 
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consists of at least one lens which can incline in one to an optical axis in said 1st lens group and said 2nd lens group. 
The 2nd optical member which can incline independently with said 1st optical member, Consist of at least one lens 
which can incline in one to an optical axis in said 1st lens group and said 2nd lens group, and it becomes said 1st optical 
member and said 2nd optical member from the 3rd optical member which can incline independently, rotation which 
remains in said projection optics by making said 1st optical member, said 2nd optical member, and said 3rd optical 
member incline to an optical axis, respectively - a gap and eccentric astigmatism of an unsymmetrical image position 
are amended independently. 

[0007] Moreover, according to the desirable mode of the 1st invention, a focal distance of said 1st lens group is set to fl. 

It is a focal distance of said 2nd lens group f2 It carries out and is a focal distance of said 3rd lens group f3 It carries out. 

It is a focal distance of said 4th lens group f4 It carries out and is a focal distance of said 5th lens group f5 It carries out 

and is a focal distance of said 6th lens group f6 When carrying out and setting shaft top distance from said 1st body to 

said 2nd body to L, it is fl / L< 0.8. (1) 

-0.033<f2 /L (2) 

0.01<f3/L<1.0(3) 

f4/L<-0.005(4) 

O.OKfS /L<0.9 (5) 

0.02<f6/L<1.6(6) 

****** is satisfied. 

[0008] In a projection aligner equipped with an illumination-light study system for illuminating the 1st body, and 
projection optics for projecting an image of said 1st body illuminated by this illumination-light study system on the 2nd 
body in the 2nd invention of this invention It has an optical member for amending a gap or eccentric astigmatism of an 
unsymmetrical image position, rotation which said projection optics consists of at least one lens which can incline in 
one to an optical axis, and remains in said projection optics - It is incidence high [ to a lens side of a chief ray from a 
point of the maximum body high on said 1st body ] hO It carries out. It is incidence high [ to a lens side of an oblique 
ray which has the maximum numerical aperture from an axial choice-goods point on said 1st body ] hi A lens which 
constitutes said optical member when carrying out and setting the maximum effective diameter of said projection optics 
tophiis0.170<h0/phi.(12) . 
hi / phi< 0.35(13) 

A proj ection aligner characterized by satisfying ****** is offered. 

[0009] According to the desirable mode of the 2nd invention, said optical member The 1st optical member which 
consisted of at least one lens which can incline in one to an optical axis, It consists of at least one lens which can incline 
in one to an optical axis. The 2nd optical member which can incline independently with said 1st optical member, 
Consist of at least one lens which can incline in one to an optical axis, and it becomes said 1st optical member and said 
2nd optical member from the 3rd optical member which can incline independently, rotation which remains in said 
projection optics by making said 1st optical member, said 2nd optical member, and said 3rd optical member incline to 
an optical axis, respectively - a gap and eccentric astigmatism of an unsymmetrical image position are amended 
independently. 
[0010] 

[Embodiment of the Invention] The projection optics of this invention is equipped with the 1st lens group which has 
positive refractive power, the 2nd lens group which has negative refractive power, the 3rd lens group which has positive 
refractive power, the 4th lens group which has negative refractive power, the 5th lens group which has positive 
refractive power, and the 6th lens group which has positive refractive power sequentially from the 1st body side. 
[001 1] The 1st lens group which has positive refractive power has mainly contributed to amendment of distortion, 
maintaining tele cent rucksack nature. A positive distortion was generated in the 1st lens group, and, specifically, a 
negative distortion generated in two or more lens groups arranged rather than the 1st lens group at the 2nd body side is 
amended with sufficient balance. The 4th lens group which has the 2nd lens group and the negative refractive power 
which have negative refractive power mainly contributes to amendment of the PETTSU bar sum, and its flattening of 
the image surface is in drawing. The 2nd lens group which has negative refractive power, and the 3rd lens group which 
has positive refractive power form the reverse looking-far system, and has contributed to reservation of the back focus 
(most shaft top distance [ Projection optics ] from the lens side by the side of the 2nd body to the 2nd body) of 
projection optics. The 6th lens group which has the 5th lens group and the same positive refractive power which have 
positive refractive power has contributed mainly to suppressing generating of distortion, and suppressing generating of 
spherical aberration as much as possible, especially since it corresponds to high NA-ization by the side of the 2nd body 
enough. 
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[0012] In this invention, it has the optical member as controller material which consisted of at least one lens which can 
incline in one to the optical axis in the 1st lens group and the 2nd lens group. It is advantageous to amending the lens in 
the 1st lens group and the 2nd lens group, and the aberration about distortion aberration and the image surface since the 
chief ray from the point of the maximum body high on the 1st body separates and passes from an optical axis with the 
lens in the 1st lens group especially . Therefore, the inclination direction component (henceforth "S-dist") of the gap 
(henceforth "M-dist") from the ideal image point of the image position of the inclination direction and the gap from the 
ideal image point of the image position of the inclination direction and the direction which intersects perpendicularly 
can be generated by making the optical member (controller material) which consists of these lenses incline to an optical 
axis. Moreover, it can generate, the difference, i.e., the astigmatic difference, of a meridional image surface and the 
sagittal image surface. 

[0013] In this way, the eccentric astigmatism which remains for example, in projection optics can be amended by 
making one optical member incline to an optical axis, moreover, the rotation which remains in projection optics by 
making two optical members (controller material) which can incline incline to an optical axis mutually-independent - a 
gap of an unsymmetrical image position can be amended, furthermore, the rotation which remains in projection optics 
by making three optical members which can incline incline to an optical axis mutually-independent — a gap and the 
eccentric astigmatism of an unsymmetrical image position can be amended independently, therefore - this invention — a 
manufacture error, an assembly error, etc. originating - projection optics - rotation - even if many aberration, such 
as a gap of an unsymmetrical image position and eccentric astigmatism, remains, where projection optics is carried, 
these residual aberrations can be amended at any time. 

[0014] In addition, in this invention, it is desirable to satisfy following conditional-expression (1) - (6). 

fl/L<0.8(l) 

-0.033<f2 /L (2) 

0.01<f3/L<1.0 (3) 

f4/L<-0.005 (4) 

0.0K6 /L<0.9 (5) 

0.02<f6/L<1.6(6) 

[0015] At conditional expression (1), it is the focal distance fl of the 1st lens group of positive refractive power. The 
optimal ratio with the shaft top distance (length between object images) L from the 1st body (reticle etc.) to the 2nd 
body (wafer etc.) is specified. Conditional expression (1) is the conditional expression for mainly amending distortion 
with sufficient balance. If it exceeds the upper limit of conditional expression (1), since a negative distortion will occur . 
greatly, it is not desirable. In addition, while attaining miniaturization, securing a predetermined contraction scale factor 
and a large predetermined exposure field, in order to amend distortion still better, it is desirable to set the upper limit of 
conditional expression (1) to 0.14. Moreover, in order to suppress generating of the spherical aberration of a pupil still 
better, it is desirable to set a lower limit as conditional expression (1), and to set the value to 0.02. 
[0016] At conditional expression (2), it is the focal distance f2 of the 2nd lens group of negative refractive power. The 
optimal ratio with the shaft top distance (length between object images) L from the 1st body to the 2nd body is 
specified. Conditional expression (2) is the conditional expression for attaining miniaturization, securing a large 
exposure field, and amending the PETTSU bar sum good. If less than the lower limit of conditional expression (2), since 
it not only becomes difficult to attain miniaturization, but the positive PETTSU bar sum will occur, securing a large 
exposure field, it is not desirable. In addition, for achievement of the further miniaturization, or still better amendment 
of the PETTSU bar sum, it is desirable to set the lower limit of conditional expression (2) to -0.032. Moreover, in order 
to suppress generating of a negative distortion still better, it is desirable to set a upper limit as conditional expression 
(2), and to set the value to -0.005. 

[0017] At conditional expression (3), it is the focal distance f3 of the 3rd lens group of positive refractive power. The 
optimal ratio with the shaft top distance (length between object images) L from the 1st body to the 2nd body is 
specified. If less than the lower limit of conditional expression (3), the refractive power of the 2nd lens group or the 
refractive power of the 4th lens group will become strong. Consequently, since a negative distortion and generating of 
comatic aberration are caused in the 2nd lens group and generating of comatic aberration is caused in the 4th lens group, 
it is not desirable. On the other hand, if it exceeds the upper limit of conditional expression (3), since the refractive 
power of the 2nd lens group or the 4th lens group becomes weak and it becomes impossible to amend the PETTSU bar 
sum good, it is not desirable. 

[0018] At conditional expression (4), it is the focal distance f4 of the 4th lens group of negative refractive power. The 
optimal ratio with the shaft top distance (length between object images) L from the 1st body to the 2nd body is 
specified. If it exceeds the upper limit of conditional expression (4), since comatic aberration occurs, it is not desirable. 
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In addition, in order to suppress generating of comatic aberration still better, it is desirable to set the upper limit of 
conditional expression (4) to -0.047. Moreover, in order to amend spherical aberration good, it is desirable to set a lower 
limit as conditional expression (4), and to set the value to -0.098. 

[0019] At conditional expression (5), it is the focal distance £5 of the 5th lens group of positive refractive power. The 
optimal ratio with the shaft top distance (length between object images) L from the 1st body to the 2nd body is 
specified. Conditional expression (5) is the conditional expression for amending spherical aberration, distortion, and the 
PETTSU bar sum with sufficient balance, maintaining the big numerical aperture NA. If less than the lower limit of 
conditional expression (5), the positive refractive power of the 5th lens group will become strong too much. 
Consequently, since not only a negative distortion but negative spherical aberration occurs serious in the 5th lens group, 
it is not desirable. On the other hand, if it exceeds the upper limit of conditional expression (5), the positive refractive 
power of the 5th lens group will become weak too much, and the negative refractive power of the 4th lens group will 
also become weak inevitably. Consequently, since it becomes impossible to amend the PETTSU bar sum good, it is not 
desirable. 

[0020] At conditional expression (6), it is the focal distance f6 of the 6th lens group of positive refractive power. The 
optimal ratio with the shaft top distance (length between object images) L from the 1st body to the 2nd body is 
specified. Conditional expression (6) is the conditional expression for suppressing generating of high order spherical 
aberration and a negative distortion, maintaining a big numerical aperture. If less than the lower limit of conditional 
expression (6), since a negative distortion will occur greatly in the 6th lens group itself, it is not desirable. On the other 
hand, if it exceeds the upper limit of conditional expression (6), since high order spherical aberration will occur, it is not 
desirable. 

[0021] Moreover, in the 2nd lens group, it is most desirable to the 1st body side that the front lens which has the 
negative refractive power which turned the concave surface to the 2nd body side is arranged. This front lens can 
perform amendment of a curvature of field and comatic aberration good. Furthermore, in the 2nd lens group, it is most 
desirable to the 2nd body side that the back lens of the negative meniscus configuration where the concave surface was 
turned to the 1 st body side is arranged. With this back lens, while mainly amending comatic aberration good, 
amendment of a curvature of field can also be performed. Moreover, in the 2nd lens group, it is desirable that the middle 
lens group which has at least the 1st lens which has positive refractive power, the 2nd lens which has negative refractive 
power, and the 3rd lens which has negative refractive power sequentially from the 1st body side between a front lens 
and a back lens is arranged. In this case, negative distortion generated with this 1st lens in the 2nd lens and the 3rd lens 
which have been greatly contributed to amendment of a curvature of field can be amended good. 
[0022] Moreover, in this invention, it is desirable to satisfy the following conditional expression (7). 
1.0<I/L(7) 

Conditional expression (7) has prescribed the optimal ratio of the shaft top distance I from the 1st body to the 1st body 
side focus of the whole projection optics, and the shaft top distance L from the 1st body to the 2nd body. Here, the 1st 
body side focus of the whole projection optics means the point that the light of the paraxial field is injected from 
projection optics, and crosses an optical axis, when carrying out incidence of the parallel light in a paraxial field from 
the 2nd body side of projection optics to the optical axis of projection optics. 

[0023] If less than the lower limit of conditional expression (7), the tele cent rucksack nature by the side of the 1st body 
of projection optics will collapse sharply, and fluctuation of distortion will become large at the fluctuation list of the 
scale factor resulting from a gap of the direction of an optical axis of the 1st body. Consequently, since it becomes 
difficult to project the image of the 1 st body on the 2nd body faithfully under a desired scale factor, it is not desirable. In 
addition, in order to suppress fluctuation of distortion still better in the fluctuation list of the scale factor resulting from a 
gap of the direction of an optical axis of the 1st body, it is desirable to set the lower limit of conditions (7) to 1 .7. 
Moreover, in order to amend the spherical aberration and distortion of a pupil with both sufficient balance, maintaining 
miniaturization of projection optics, it is desirable to set a upper limit as conditional expression (7), and to set the value 
to 6.8. 

[0024] Moreover, it sets to this invention and is r2Ff about the radius of curvature of the field by the side of the 1 st body 
of the front lens in the 2nd lens group. It carries out and is r2Fr about the radius of curvature of the field by the side of 
the 2nd body of a front lens. When carrying out, it is desirable to satisfy the following conditional expression (8). 
1 .00 <=(r2Ff-r2Fr)/(r2Ff+r2Fr) <5.0 (8) 

If less than the lower limit of conditional expression (8), since it becomes impossible to fully amend spherical aberration 
of a pupil, it is not desirable. On the other hand, if it exceeds the upper limit of conditional expression (8), since comatic 
aberration occurs, it is not desirable. 

[0025] Moreover, in this invention, when setting the axial sky mind gap between the 5th lens group and the 6th lens 
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group to 656 and setting shaft top distance from the 1st body to the 2nd body to L, it is desirable to satisfy the following 
conditional expression (9). 
d56/L<0.017 (9) 

If it exceeds the upper limit of conditional expression (9), the air gap between the 5th lens group and the 6th lens group 
will become large, and the yield of a positive distortion will become small. Consequently, since it becomes difficult to 
amend a negative distortion generated in the positive lens in the 5th lens group with sufficient balance, it is not 
desirable. 

[0026] moreover, this invention -- setting - the 6th lens group - most - the radius of curvature of the lens side by the 
side of the 1st body - r6F - carrying out - the 6th lens group - most - the shaft top distance from the lens side by the 
side of the 1st body to the 2nd body — d6 ** — when carrying out, it is desirable to satisfy the following conditional 
expression (10). 
0.50<d6/r6F<1.50(10) 

If less than the lower limit of conditional expression (10), since the positive refractive power of the lens side by the side 
of the 1st body becomes strong too much most, and a negative distortion and comatic aberration occur greatly, it is not 
[ of the 6th lens group ] desirable. If it exceeds the upper limit of conditional expression (10), since the positive 
refractive power of the lens side by the side of the 1st body becomes weak too much most, and comatic aberration 
occurs greatly, it is not [ of the 6th lens group ] desirable. In addition, in order to suppress generating of comatic 
aberration still better, it is desirable to set the lower limit of conditional expression (10) to 0.84. 
[0027] Moreover, in this invention, it is desirable to satisfy the following conditional expression (1 1). 
0<=f2F/f2R<18(ll) 

Conditional expression (1 1) has prescribed the optimal ratio of focal distance f2R of the back lens in the 2nd lens group, 
and focal distance f2F of the front lens in the 2nd lens group. If it deviates from the range limited by the lower limit and 
upper limit of conditional expression (11), since it will become difficult for the balance of the refractive power of the 1st 
lens group or the 3rd lens group to collapse, and to amend distortion good or to amend the PETTSU bar sum and 
astigmatism good to coincidence, it is not desirable. 

[0028] In order to specifically demonstrate sufficient aberration function in each lens group which constitutes projection 
optics, constituting as follows is desirable. In order to demonstrate the function to suppress generating of the spherical 
aberration of a pupil in a high order distortion list in the 1st lens group, it is desirable that the 1st lens group has at least 
two positive lenses. Moreover, in order to demonstrate the function to suppress aggravation of spherical aberration and 
the PETTSU bar sum in the 3rd lens group, it is desirable that the 3rd lens group has at least three positive lenses. 
Furthermore, in order to demonstrate the function to suppress generating of comatic aberration, amending the PETTSU 
bar sum in the 4th lens group, it is desirable that the 4th lens group has at least three negative lenses. 
[0029] Moreover, in order to demonstrate the function to suppress a negative distortion and generating of spherical 
aberration in the 5th lens group, it is desirable that the 5th lens group has at least five positive lenses. Furthermore, in 
order to demonstrate the function which amends a negative distortion and the negative PETTSU bar sum in the 5th lens 
group, it is desirable that the 5th lens group has at least one negative lens. Moreover, in order to make it condense on the 
2nd body so that spherical aberration may not be greatly generated in the 6th lens group, it is desirable that this 6th lens 
group has at least one positive lens. 

[0030] In addition, as mentioned above, in order to amend distortion aberration and the aberration about the image 

surface, it is advantageous to constitute an optical member (controller material) using a lens with which the location 

through which the chief ray from the point of the maximum body high on the 1 st body passes is distant from the optical 

axis. Therefore, as for the lens which constitutes the optical member as controller material, in this invention, it is 

desirable to satisfy the following conditional expression (12) and (13). 

0.170<h0/phi(12) 

hl/phi<0.35(13) 

[003 1] Here, it is hO. : The incidence high when carrying out incidence to the lens side of the lens with which the chief 
ray from the point of the maximum body high on the 1st body constitutes projection optics, Or the incidence high hi 
when carrying out incidence to the lens side in the optical member (controller material) before the chief ray from the 
point of the maximum body high on the 1 st body inclines : The incidence high when carrying out incidence to the lens 
side of the lens with which the oblique ray which has the maximum numerical aperture from the axial choice-goods 
point on the 1st body constitutes projection optics, Or the incidence high phi when carrying out incidence to the lens 
side in the optical member (controller material) before the oblique ray which has the maximum numerical aperture from 
the axial choice-goods point on the 1 st body inclines : The maximum effective diameter of projection optics (diameter) 
when the lens which constitutes an optical member satisfies conditional expression (12) and (13), without it generates 


http://www4.ipdl.jpo.gojp/cgi-bin/tran_web_cgi_ejje 


12/30/2003 


Page 6 of 11 


other aberration greatly - rotation -- a gap and the eccentric astigmatism of an unsymmetrical image position can be 
amended. 

[0032] The example of this invention is explained based on an accompanying drawing. Drawing 1 is drawing showing 
roughly the configuration of the projection aligner concerning the example of this invention. Moreover, drawing 2 is 
drawing showing the lens configuration of the projection optics PL of drawin gl . In drawing! , the reticle R as the 
projection original edition with which the predetermined circuit pattern was formed in the body side of projection optics 
PL (the 1st body) is arranged, and the wafer W as a photosensitive substrate (the 2nd body) is arranged in the image 
surface of projection optics PL. Here, Reticle R is held on the reticle stage RS, and Wafer W is held on the wafer stage 
WS constituted movable two-dimensional in the field perpendicular to the optical axis AX of projection optics PL. 
[0033] Moreover, above Reticle R, the illumination-light study equipment IS for carrying out homogeneity lighting of 
the reticle R is arranged. In the interior of illumination-light study equipment IS, it is for example, i line (365nm). The 
light source like the mercury lamp which supplies light is arranged. The light supplied from illumination-light study 
equipment IS illuminates Reticle R, and the image of the light source in illumination-light study equipment IS is formed 
in the pupil location (location of aperture-diaphragm AS) of projection optics PL. That is, illumination-light study 
equipment IS carries out homogeneity lighting of the reticle R under Koehler illumination. And the pattern image of the 
reticle R in which Koehler illumination was carried out by projection optics PL is exposed on Wafer W (imprint). 
[0034] And a wafer process ends the wafer which passed through the production process (photolithography production 
process) of exposure by the projection aligner shown in drawing 1 through the production process of resist removal of 
removing the unnecessary resist after the production process of etching of removing portions other than the resist 
developed since it passes the production process to develop, and the production process of etching etc. And finally 
termination of a wafer process manufactures the semiconductor devices (LSI etc.) as a device like an actual erector 
through each production process, such as dicing which was able to be burned and which cuts and chip-izes a wafer for 
every circuit, bonding which gives wiring etc. to each chip, and packaging which carries out packaging for every chip. 
In addition, although the example which manufactures a semiconductor device according to the photolithography 
production process in the wafer process which used the projection aligner was shown above, a liquid crystal display 
element, the thin film magnetic head, and image sensors (CCD etc.) can be manufactured as a semiconductor device 
according to the photolithography production process using an aligner. 

[0035] the 1st lens group Gl in which projection optics PL has positive refractive power sequentially from the reticle R 
side as the 1 st body when drawin g 2 is referred to the 2nd lens group G2 which has negative refractive power 3rd lens 
group G3 which has positive refractive power The 4th lens group G4 which has negative refractive power The 5th lens 
group G5 which has positive refractive power The 6th lens group G6 which has positive refractive power from — it is 
constituted. In a body and image side (Reticle R side) (Wafer W side), projection optics PL is a tele cent rucksack 
substantially, and has a contraction scale factor. 

[0036] The 1st lens group Gl Sequentially from the body side, it consists of a negative meniscus lens LI 1 which turned 
the concave surface to the image side, a biconvex lens LI 2 which turned the convex to the body side, and two biconvex 
lenses LI 3 and LI 4 to which the field of curvature strong against a body side was turned. The 2nd lens group G2 It 
consists of middle lens group G2M which are arranged between biconcave lens L2F (front lens) arranged most at the 
body side, negative meniscus lens L2R (back lens) which has been arranged most at the image side and turned the 
concave surface to the body side, and biconcave lens L2F and negative meniscus lens L2R, and have negative refractive 
power. Middle lens group G2M consist of a biconvex lens LM1 (the 1st lens) to which the field of curvature strong 
against an image side was turned sequentially from the body side, a biconcave lens LM2 (the 2nd lens) to which the 
field of curvature strong against an image side was turned, and a biconcave lens LM3 (the 3rd lens) to which the field of 
curvature strong against a body side was turned. 

[0037] 3rd lens group G3 It consists of two positive meniscus lenses L31 and L32 to which the field of curvature strong 
against an image side was turned sequentially from the body side, biconvex lenses L33, a biconvex lens L34 to which 
the field of curvature strong against a body side was turned, and a positive meniscus lens L35 to which the field of 
curvature strong against a body side was turned. The 4th lens group G4 Sequentially from the body side, it consists of 
two negative meniscus lenses L41 and L42 which turned the concave surface to the image side, the negative meniscus 
lens L43 which turned the concave surface to the body side, a biconcave lens L44, a positive meniscus lens L45 which 
turned the convex to the body side, and a biconcave lens L46 which turned the concave surface to the body side. 
[0038] The 5th lens group G5 Two biconvex lenses L51 and L52 which turned the convex to the image side sequentially 
from the body side, A biconvex lens L53 and the negative meniscus lens L54 which turned the concave surface to the 
body side, It consists of a biconvex lens L55 to which the field of strong curvature was turned by the body side, two 
positive meniscus lenses L56 and L57 of the configuration where the field of strong curvature was turned by the body 
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side, and a negative meniscus lens L58 which turned the concave surface to the image side. The 6th lens group G6 
Sequentially from the body side, it consists of a biconvex lens L61 to which the field of strong curvature was turned by 
the body side, and a biconcave lens L62 which turned the concave surface to the body side. Moreover, aperture- 
diaphragm AS is arranged between the positive meniscus lens L45 and the biconcave lens L46. 
[0039] When drawing 1 is referred to again, to projection optics PL As the 1st controller material which contains the 
negative meniscus lens LI 1 which can incline to an optical axis As the **** 1 optical member Tl and the 2nd controller 
material which contains the biconvex lens LI 2 and biconvex lens LI 3 which can incline in one to an optical axis 3rd 
optical member T3 as the **** 2 optical member T2 and the 3rd controller material which contains the biconvex lens 
LI 4 and biconcave lens L2F which can incline in one to an optical axis is prepared. It dissociates from the Maine lens- 
barrel M, and the 1st optical member Tl, the 2nd optical member T2, and 3rd optical member T3 are constituted 
mutually-independent. And between 3rd optical member T3 and the Maine lens-barrel M, two or more driver elements 
(DE1-DE3) like a piezo-electric element are prepared in the part (for example, three places) between the 2nd optical 
member T2 and 3rd optical member T3, respectively between the 1st optical member Tl and the 2nd optical member 
T2. 

[0040] Therefore, according to an operation of the driver element DE 1 between the 1st optical member Tl and the 2nd 
optical member T2, if only the 1st optical member Tl pulls, only a negative meniscus lens LI 1 inclines to an optical 
axis Moreover, according to an operation of the driver element DE 2 between the 2nd optical member T2 and 3rd 
optical member T3, if the 1st optical member Tl and the 2nd optical member T2 pull, a negative meniscus lens LI 1, a 
biconvex lens LI 2, and a biconvex lens LI 3 incline in one to an optical axis. Furthermore, according to an operation of 
the driver element DE 3 between 3rd optical member T3 and the Maine lens-barrel M, if the 1st optical member Tl, the 
2nd optical member T2, and 3rd optical member T3 pull, a negative meniscus lens LI 1, a biconvex lens L12, a biconvex 
lens L13, a biconvex lens L14, and biconcave lens L2F incline in one to an optical axis. That is, it consists of this 
examples so that the 1 st optical member Tl , the 2nd optical member T2, and 3rd optical member T3 can be made to 
incline independently to an optical axis, respectively. 

[0041] The value of the item of the projection optics PL in this example is hung up over the following table (1). In the 
table (1), the left end numeric character shows the refractive index [ as opposed to / in n / r / radius of curvature / of each 
lens side / d / the exposure wavelength of lambda= 365nm for each lens spacing ] for the sequence of each lens side 
from a body side (Reticle R side). Moreover, dO The 1st body (reticle R) to the 1st lens group Gl Most the shaft top 
distance to the lens side by the side of a body (Reticle R side) For beta, Bf is the 6th lens group G6 about the projection 
scale factor of projection optics PL. Most the shaft top distance from the lens side by the side of an image (Wafer W 
side) to the image surface (the Wth page of wafer) L is carrying out the table of the shaft top distance, i.e., length 
between object images, from a body side (the Rth page of reticle) to the image surface (the Wth page of wafer) for the 
numerical aperture [ NA ] by the side of the image of projection optics PL (Wafer W side), respectively. 
[0042] 
[A table 1] 
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(Value corresponding to conditions) 

(l)fl IL = 0.129(2)f2 IL =-0.030(3)f3 IL = 0.106(4)f4 IL =-0.070(5)f5 IL = 0.080(6)f6 IL = 0.143 (7) I/L = 2.02 (8) and 
(r2Ff-r2Fr) /(r2Ff+r2Fr) = 1.07 (9) d56/L = 0.007 (10) d6/r6F = 0.983 (1 1) f2F/f2R = 0.635 [0043] It sets to the above- 
mentioned projection optics PL, and is Gl-n. The amount of fluctuation in the maximum body high of many aberration 
at the time of making only 0.01 degrees of shown lens groups incline to an optical axis (unit: micrometer) is shown in 
the following table (2). It sets to a table (2) and is Gl-n. Sequentially from the 1st body side, the lens group from the 1st 
negative meniscus lens LI 1 to the n-th lens is shown. Moreover, Astigmatism M shows the astigmatism of a meridional 
side and Astigmatism S shows the astigmatism of a sagittal side, respectively. The gap with the location where the top 
light of the maximum numerical aperture from the point of the maximum body high on the 1st body furthermore carries 
out incidence of the coma sum to the 2nd body, and the location as for which the chief ray from the point of the 
maximum body high on the 1st body carries out incidence to the 2nd body, It is total with the gap with the location as 
for which the bottom light of the maximum numerical aperture from the point of the maximum body high on the 1st 
body carries out incidence to the 2nd body, and the location as for which the chief ray from the point of the maximum 
body high on the 1st body carries out incidence to the 2nd body. Therefore, when the value of the coma sum is positive 
and the method comatic aberration of outside is [ the value of the coma sum ] negative, inner direction comatic 
aberration will occur. 
[0044] 
[A table 2] 

M-dist S-dist Astigmatism M Astigmatism S Astigmatic difference Coma sum Gl-1 0.95 0.24 - 1.18 - 0.37 - 0.81 
0.49G1-2 0.11 0.06 0.11 0.10 0.01 0.09G1-3 -0.21 - 0.01 1.40 0.55 0.85-0.43G1-4 0.66 0.20 1.29 0.52 0.77 - 0.42G1-5 
0.210.21 -1.03-0.32-0.71 1.12G1 -6 0.51 0.18- 1.42-0.37-1.05 1.07G1-7 -0.24 0.12-2.78 -1.12 - 1.66 3.45 Gl-8 0.10 
0 12-5.33 -3.41 - 1.92 8. 28G 1-9-0.44-0.38 - 3.42 - 4.97 1.5510.44G1-10 0.28 0.12 - 6.34 - 4.18 - 2.16 10.17G1-1 1 0.73 

0 45 -6.25 - 2.70-3.55 4.95 Gl-12 1.23 0.74 - 4.70 - 1.09 - 3.61 -4.94G1-132.15 1.1 1 - 4.49 - 0.31-4.18-14.52G1-143.77 

1 66 - 7.53 - 1.05 -6.48 - 20.85G1-15 3.06 1.46 - 6.37 - 0.61-5.76-17.70G1-16 2.05 1.21 - 3.29 0.33-3.62 - 10.37G1-17 

1 85 1.21 - 5.91 - 1.06 -4.85-6.88G1-18 0.47 0.97 - 12.53 - 7.69 -4.8422.21G1-19 0.631.01-12.87 - 7.40 - 5.47 17.34G1- 
20 0.52 1.21 - 6.88 - 9.79 2.9179.49 Gl-211.10 1.02 - 4.35-2.40 - 1.95 24.08G1-22 1.01 0.83 - 6.93 - 1.15 -5.78 
2.38G1-231.17 0.61 -5.71 1.54 - 7.25 - 39.55G1-24 0.77 0.57 -7.10 0.49 - 7.59 3.78G1-25 0.28 0.23 -7.05 1.22 - 8.27 - 
13.38G1-26 -1.48 -0.43-12.73-0.80 - 11.93 - 9.77G1-27 -2.47 -0.80 1.16 0.87 0.29 28. 87G 1-28 1.26 0.81-15.75 1.10 - 
16.85 7.26G1-29 -0.22-0.04 -2.51 -1.24 -1.27 -37.07G1-30 0.00 0.00 3.25 3.26 -0.01-0.10 [0045] Drawing ! (a) shows 
the amount of fluctuation of many aberration at the time (namely, Gl of a table (2) -1 correspondence) of making only 
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the 0.01 degrees only of the 1st optical members Tl incline to an optical axis. Moreover, drawing 3 (b) shows the 
amount of fluctuation of many aberration at the time (namely, Gl of a table (2) -3 correspondence) of making only the 
1 st optical member Tl and the 0.01 degrees of the 2nd optical members T2 incline in one to an optical axis. 
Furthermore, drawing 3_ (c) shows the amount of fluctuation of many aberration at the time (namely, Gl of a table (2) -5 
correspondence) of making only the 1st optical member Tl, the 2nd optical member T2, and 0.01 degrees of 3rd optical 
member T3 incline in one to an optical axis. In addition, in drawing showing the astigmatism of drawing_3 (a) - (c), a 
dashed line shows the astigmatism of a meridional side and the continuous line shows the astigmatism of a sagittal side, 
respectively. 

[0046] When a table (2) is referred to, it is lens group Gl -7 from the 1 st body side to the 7th. When it is made to incline 
in one, it turns out that comatic aberration (coma sum) occurs greatly. That is, by the lens data of this example which the 
allowed value of comatic aberration (coma sum) is about 1/10000 value, and shows it in a table (1) experientially to the 
maximum body high in the wafer W as a photosensitive substrate (the 2nd body), since the maximum body high in 
Wafer W is 15.6mm, the allowed value of comatic aberration (coma sum) is set to about 1.56 micrometers. In 
consideration of this point, each optical member (each controller material) consists of this examples using the lens from 
the 1st body side to the 5th. In addition, the lens used for 3rd optical member T3 from the 1st optical material Tl shows 
the value corresponding to conditions of conditional expression (12) and conditional expression (13) in the following 
tables (3), although it cannot be overemphasized that conditional expression (12) and (13) are satisfied. 
[0047] 
[A table 3] 

LI 1: h0/phi= 0.3429 hl/phi=0.0922L12:hO/phi= 0.3409 hl/phi=0.1206L13:hO/phi= 0.3288 hl/phi=0.1295L14:hO/phi= 
0.2899, hl/phi=0.1300 L2F:hO/phi= 0.2333 hl/phi-0.1296LMl:hO/phi= 0.1874 hl/phi= 0.1550 [0048] However, the 
lens with the maximum effective diameter is L34, and the maximum effective diameter phi at this time is 227.5mm. 
Moreover, since the aberration which is a candidate for amendment influences image quantity greatly, it is desirable for 
injection high in case the chief ray from the maximum body high of Reticle (the 1st body) R injects the 1st, 2nd, and 3rd 
optical member as controller material as the projection original edition, respectively to differ. The injection high when 
injecting the 1st optical member (negative meniscus lens LI 1) Tl as the 1st controller material before the chief ray from 
the maximum body high of Reticle (the 1 st body) R inclines as the projection original edition in this example For this 
reason, ha, The injection high when injecting the 2nd optical member (biconvex lenses L12 and LI 3) T2 as the 2nd 
controller material before the chief ray from the maximum body high of Reticle (the 1st body) R inclines as the 
projection original edition hb, The injection high when injecting 3rd optical member (biconvex lens L14 and biconcave 
lens L2F) T3 as the 3rd controller material before the chief ray from the maximum body high of Reticle (the 1st body) R 
inclines as the projection original edition he, When setting the maximum body high of the reticle (the 1st body) R as the 
projection original edition to Y, following conditional-expression (a) - (c) is satisfied. 
0.95<ha/Y(a) 
0.82<hb/Y<0.93 (b) 
0.52<hc/Y<0.72 (c) 

Here, the value corresponding to conditions of conditional-expression (a) - (c) is hung up over the following tables (4). 

[0049] 

[A table 4] 

(a) ha/Y=0.9868 (b) hb/Y=0.9057 (c) hc/Y=0.5788[0050] However, the injection high when injecting the negative 
meniscus lens LI 1 which constitutes the 1st optical member Tl before ha inclines, The injection high when injecting the 
biconvex lens LI 3 of the 2nd optical member T2 before hb inclines most located in an image side, he shows the 
injection high when injecting biconcave lens L2F of 3rd optical member T3 before inclining most located in an image 
side, respectively, and maximum body high [ of Reticle (the 1st body) R / Y ] is 78mm as the projection original edition. 

[0051] As shown in drawing 3 , the angle which makes the 1st optical member Tl incline is set to x, the angle which 
makes the 1st optical member Tl and the 2nd optical member T2 incline in one is set to y, and the angle which makes 
the 1 st optical member Tl , the 2nd optical member T2, and 3rd optical member T3 incline in one is set to z. In this case, 
based on a table (2), M-dist, S-dist, and the astigmatic difference are expressed with following formula (d) - (f), 
respectively. In addition, in formula (d) - (f), the unit of x, and y and z is whenever whenever [ tilt-angle ]. 
M-dist = 0.95x-0.21y+0.21z (d) 
S-dist = 0.24x-0.01y+0.21z (e) 
Astigmatic difference = -0.81x+0.85y-0.71z (f) 

[0052] Therefore, what is necessary is just to control x-z (minute) whenever [ each tilt-angle ] in this example, to be set 
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to x= 16.89, y=-0.03, and z=-19.31, in order to amend only 0.2 micrometers only of M-dist, for example, without 
generating S-dist and the astigmatic difference. Moreover, what is necessary is just to control x-z (minute) whenever 
[ each tilt-angle ] to be set to x=-2.90, y= 49.71, and z= 62.82, in order to amend only 0.2 micrometers only of S-dist, 
for example, without generating M-dist and the astigmatic difference. Furthermore, what is necessary is just to control 
x-z (minute) whenever [ each tilt-angle ] to be set to x= 4.14, y= 14.70, and z— 4.03, in order to amend only 0.2 
micrometers only of astigmatic difference, for example, without generating M-dist and S-dist. in this way, the rotation 
which remains in projection optics PL according to an operation of three optical members in this example — a gap and 
the eccentric astigmatism of an unsymmetrical image position can be amended independently. 
[0053] In addition, in the above-mentioned example, the piezo-electric element is used as a driver element for making 
each optical member incline to an optical axis. However, how to insert [ metallic thin plate / with a thickness of several 
micrometers to dozens of micrometers ] in two or more [ between each optical member ] as other methods of making 
each optical member incline to an optical axis, the method using the driver element using the principle of a micrometer, 
etc. are considered. Moreover, based on the measured amount of aberration, the drive of each optical member Tl - T3 is 
automatable by forming a mark in a part [ **** ] mutually [ a reticle and a wafer ], and using a controllable driver 
element electrically like a piezo-electric element, when carrying out aberration measurement based on the gap with the 
mark image of a reticle and the mark of a wafer which were projected on the wafer. 

[0054] For example, the configuration described below, then the measured automatic regulation of aberration become 
possible. While forming the light-receiving means D, such as an optoelectric transducer for aberration measurement, in 
the end of the wafer stage WS which specifically holds the wafer W shown in drawing 1 The amount calculation section 
of amendments which computes the amount of inclinations of each controller material (Tl - T3) based on the output 
signal from the light-receiving means D is prepared. Furthermore, the automatic regulation of the measured aberration 
becomes possible with constituting so that driving members (DE1-DE3), such as a piezo-electric element prepared 
corresponding to each controller material (Tl - T3), may be made to drive based on the amendment signal from the 
amount calculation section of amendments, respectively. At this time, the amount calculation section of amendments is 
prepared in the interior of the control system CS which controls the mechanical component DU equipped with the 
interference system which measures the location of the wafer stage WS, the motor to which the wafer stage WS is 
moved, and controls the location of the wafer stage WS. In addition, formula (d) - (f) mentioned above is memorized by 
this amount calculation section of amendments. 

[0055] And while making the test reticle in which much marks for aberration measurement were formed hold to a reticle 
stage instead of the reticle which performs the usual exposure and setting the pattern side of a test reticle to the body 
side of projection optics, the wafer stage WS is made to drive through a mechanical component DU, and the lights 
receiving means D is set up in the exposure field of projection optics. Then, a light-receiving means detects each mark 
image of the test reticle etc. in photoelectricity through projection optics. The amount calculation section of 
amendments inside a control system CS outputs an amendment signal to each driving member (DE1-DE3) after 
computing the amount of inclinations of each controller material (Tl - T3), and makes a driving member (DE1-DE3) 
drive based on the output signal from the light-receiving means acquired using the test reticle, respectively. The 
inclination of each controller material (Tl - T3) can be set automatically, respectively so that this may amend each 
aberration measured with the light-receiving means D. In addition, although the example which prepared the 
amendment member was shown in the above example when all projection optics was constituted from a retractility 
optical member, it cannot be overemphasized that it can apply to the projection optics of the reflective refraction mold 
containing a reflective mold optical member and a retractility optical member etc. for example, without restricting to 
this. 
[0056] 

[Effect] it explained above - as - this invention - a manufacture error, an assembly error, etc. - originating - 
projection optics — rotation - even if many aberration, such as an unsymmetrical image position and eccentric 
astigmatism, remains, the projection aligner which can amend these residual aberrations at any time where projection 
optics is carried is realizable. Consequently, even if it makes high neither manufacture precision nor assembly precision, 
highly precise projection exposure can be performed through the highly efficient projection optics which was always 
excellent in repeatability. 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 1] 
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[Drawing 3 ] 
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£ &<*5£ ( 1 ) 0±l&ffi£ 0 . 1 4 it-f S £ 

fc»*Sfc»fcau jfeftsS (D.CT.Wt*BtU * 
ofi^o. o 2 traciii^Sbv^c 

[0016] ftftit ( 2 ) ftJB#f *©SfS 2 b >X 
#a-e*S. (2) ©TUffifcTHrsi:, e^s 

boo 3 >y t * Mb £ aa? s d t #®m 

t & S t) T-& < , IE©'* f y ;Wl/ft#fg£f 5 © 
T-#Sb<&Vv Se>££3W^Mb©jil& 
&avsii^yy^;uft©3&fcjft#&tt£©£»fc 
l±, ftf+S; (2) ©TIBfii£-0 ; 03 2i:fSC:i:# 

sfeffS (2) £±IS<I£iS5g 

u -e©fi£-o. oosfc-raciitfffSb^. 

[0017] ftftit ( 3 ) T-(±, iEJBJf *>©!& 3 b >X 
SI («9fenES) Lfc©«iifclt*4«JEbT^3..* 


friC (3) OTRlSTI5k> »2l/>X»'©JB*r*> 
»a^lilS4 b>XP©B#rft#$£<&£. *■©«£; 

TiRM©84£}B^ »4 1/>X»C*l'»Ttt3^JR* 
0*4*18 <0-Ctf*b<fc^. -*» *ttSC (3) © 
±PMt*±H*i:, *2i/>X»**V^ttJB41/>XB 

d i: #T- * ft < % £©T-#£ b < fcO. . 
[0018] ft{*5£ ( 4 ) -T«tt % <MMf £©£ 4 b >X 
i¥©«u£E»f 4 6 M^»**"P©*±!§ 

81 (»ttHSK)-L2:£DM«:tb*ft«£bT^«. ft 
ttSC (4) ©±H<I*±[DSi^ 3y«IWIttifc 
»$F£b<&V>o ft*>\ 3TJR«©«St*6CA»C 
ftfrS; (4) ©±Hfit*-0. 04 7 

-0. ■ 0 9 84:1-aii:4W*UH. 
[0019] ( 5 ) X-tt, IEJS#r;>J©Jg 5 b >X 

ff0*AEftfi k»lft*'»6J|2*»'*T©li±e 
fit (ttftHEft)' Lfc©Mfttt**«eW-TV^*. ft 
ttSfc (5) tiu *S«MQftNA*fii*&#6*ltiJR 

m> y-** h-^3>*j«tv^s'^^— 

JiK«IE^afc»©ft{*j£X&So ftttSt (5) ©TPS 

fflfcTEia^ Jg5 b>Xi¥©IEJB*T;*J#3£ 

•5. *©IS*s £5 byXfftiiJ^tft©^^ X h-is 

a >©*&£*«©»»***«*£»£**'©*#* 

b<&^. -£> ft#5£ (5) ©±Mft±Bft fcs JB 

5b>xs¥©iEjasf^* j s<ft.t)3af-c> uvxw 
;i/«4fi»c«iiE-rscii:/(5-r-t&<ft5©-e*Sb< 
[002 0] ft^se (6) iEa#f*©»e-v>x" 

It («ilUBI) L4:©«|5fclb*t«eLTV^*. ft 
'ftSC (6) it. ^§ftPSPia4«*.ftis^B^©^ffliR 
H*«tVg©7*-f ^ h-i >3>©*4*»**&»o* 
ff^X-^S, ftfrS (6) ©TPSffi^TO-Si:, p6b 
>X»e#C*V^T H©7^ ^ h-^3 < 

rs©T-»^b<ft^o (6) ©±isfi4 

±@ai^ ii»:©«ffiiRM* s i6srs©x»Sb<ft 

[0 0 2 1] JB2 1/>X»fcJSVVC» «*^1«5 

(MllCtt, 9 2^ft#JtCDffi4|D)Wfc©©JB*f*S*^ 
sa^^^^>X*sffiB^Fi^■rv^sc:i:^^^?$bv^. c©bu 
Sb>Xtctt)s ^E?t.fi> 3VJRS©ffliE4mfi ; Cfi : 

^2tiftffl!it{i> wuymwtwmzftiftzfkt-z* 

7ff^©^b >X* s Efi$^lt:v^5z: i:* 5 *? S bv^. 
c©^b>XtcJ;t)s it3VJRaffl»iEtAffCff 


tz, *2I/.>XBfc*Vvt, m*U>Xi:^l/>Xi: 
©HCtt; "»l»<MB*ftRfc» IE©S#T©£W-fSSfi 

#f^**-T5^3 ]s>Z£*>PtL< £$Hti*m'> 


■ZmfiBM*tlX^ZZ.t1fi»& bO„ d©i 


3© 


»1 U>XfcJ:tK *R»lft©RjEfc*S<»4l/C^ 
St§2b>Xfc<fcZJ t 3§3 uvxcfcwrs&^-ra*©^ 

[0 02 2] *J8WC*^Ttt» #©&#5£ 

(7) *M8.tZZt&ft£[s^ 0 
1. 0<I/L (7) 

(7) Tftt, Rlfcttfr &«»#**£<*©» 1 
ttftflMA* T-©tt±ffiR I i: > R 1 ftttfr 6 » 2 ft* 
*T-©«l!±EBLfc©g®*Jt4s£&S£bXV^, 
X% a«Jt»*±fls©JSl«#««l*i:tts »R*¥» 
©#RC#LTaE<i«**©¥ff**aR#**©»2 . 
$#$lfrftA«S*fci:^ 

1; 00^ (r m -r at )/(r m 
sfefrSi (8) ©TEBfiifcTlHlSi:. lt©«ffliRM©ffliE 
£+#fcffd£t#T*£&<&3;fc©#g;b<&Oo - 
IfefrS (8) <D±mm*±MZ>h, =rv*3l#»£. 

[0 0 2 5] **WC-*V^Ttt, JB5>>X#i: 

IB 6 ]/>Xmt<D®<Dm±QHLmffiZd 5S tL\ % 1® 

itfr<b%2toto&X'®w±mm* i Ltt.ztn, *©* 
fra (9) *»je-r*ifc#**-bv^ 

d 56 /L<0. 0 17 (9) 

*frSt (9) ©±R<I£±£13i:, R5 1/>XSfc»6 

— >3>©«sa* j 'h^<*5o *©i8^ S5i/>x 

^©El^XCfc^T^-rsft©^ * h->3 v 
£;t7>x£<ffiIE1-*;:fc#H«fc&S©T-#i;b< 

[0 0 2 6] JfcSgWfcfcOTfctU Sfl6P>Xi¥© 

«.t»»l*ff«l©>>XiB©ltt**S* r 6l i:U !g 6 
l/>X»©«*JBl»{M8©U>XiB*6»2«l**t? 
ffl«l±ffiR£d 6 ii^Si:^, *©*{*£ (10) £iS 

0. 5 0<d 6 /r 6r < 1. 5 0 (10) 

&{*5£ (10) ©TRflitTJaSi:* »6>>X»©R- 

* » 1- ttttft© U > Xffl©IEaif * #S < * 9 i§ £ S . 

t5©T-jff * b < fcV>, &ft £ (10) ffl±Rtt*±EI 

i6i/ >xs*©s*>i§ i $ft$j© i/ >xs©ia 

©T#S b< 3 VJRM©8£££ ft 

fc»*.Sfc»fc«U RttS (10) ©TRfI£0. 8 4 

[0.0 2 7] ttz, *»IHC*V^Ttt, ^©sfeffS; (1 


[0 0-2 3] (7) ©TRUSTED Sl&Jte 

$ft©£ 1 ^ftftlX-Ox UHr > h 'J y ^ttAs^igC^n 

t> *i»tt©3teM£fa©mtjeHf *»*©«»& 

Sg l*K*©R*ffia©»*ffl*fcTS**£»2»<t:±fc 

a«-ra'dfc#HRfc&4©Tf»i;i/<fco. fc*>\ r 

4* h-*>3>©RR*£ftCA#fc»;l*fcM>CH\ 
'jftft (7)-©TRR*l. 7i:r*;:fc#*F*Ur>. * 
tz. aR#¥R©3Wt*>fc*R»L&#6» Bi©S 

■TSfe»Ctt; &{*5S (7) fc±R«*tt«U *©.R 
£6. SttiZtlftftL^. 
[0 0 2 4] tfev *»«C#VvC«:» : R2I/>X8<t» 
©b5^ U >X(Dm 1 ^l*fiy©ffi©fl$*2?: r m i: 
U »*l'>X©R2»#R©ffl©ft*i|Mi*ri rr i:- 

-rsatx *©*frs (8) *sss-rsci:As»*b 

+ r 2Pr ) <5. 0 (8) 

i) *ss-r-5^h#»s LOo 

0gf a /f a < 18 (11) 
RfW(l-l) T*tt, Jg2 ]/>XP+©&£b>X©^ 
AffiRf a i:JB2 U>X»*©«*l/>X©«5'AE«f 
^©ft^fclfc^&JgbTOS, jfeffSC (11) ©T 
Rttfc«fctf±RffiT-R££tifcffiB£igijja-r3i:, SS 1 
l/>XP*-5^J±m3 U>XS©H*r*©^7>*iMH 
*U x-f^h-^3>4AffictiiE-ra^i:, 

fc#BRi:fc.a©Tfff*b<fcV. 
[0 0 2 8] JlttlSfcii, aR3fc¥***ME**SU>. 
X«t:|3lvt+#a:*H«ffi*»»£*SCtt* «T© 

iiS*©^^ 7. h — >^VtBt©»BDJRH©«4*ai 

2#©EU>X£WT£Ci:#$?f:bOo ^31/ 
>X»C*OX»ffiJRJI*JJ;Wtyy-'t-^©»fl3* 
Jip^S««g§^}i$-&SC{i, SfS3b>Xi¥#'J>&< k 
*3t5t©iE^>X5:*^^>3i:4 J ^f*bV^o Sftts R 
4 l/>Xffiftt>V>T^y^>^-;HPS:lfiEbooziviR 
R©»4*fflitS*ll64»»**5fctt; R4U>XH 
A 5 'Pta < t * 3 ft© A W > X * M t S C t r b O. 
[0 0 2 9] Sfc, RSl/^XRC^TAO^-fXb 
-^aV**tW1BJRR©»4t»A*«R*«*iaF* 
SfS5U>Xf¥#'>&< fcfc5a©jEU>X£« 
^*Ci:**ff*UV^ $ftt> R5 b>XP(C*5V^Tft 

Ctt, R5 U>XPtf'J>!&< i:* 1#©* 
V>Z*GtZZttW£H\ £tz. R6Vl/XRt 
*V^T»ffiJ^R**S < »£ar**m a tC^ 2 tyfot 


- 6 - 


[0 0 3 0] Sujibfeiat, SftlRH*«tV^ 

ai?&W>X£ffifl?bTft^gW (HBBSW) 

©&{*5£ (12) *±W (13) £?SJg-fSCi:#$?£ 
bV>e 

0. 17O<hO/0 (12) 
hi /flKO. 3 5 (13) 
[0 0 3 1] 

hO : Ximt±o**to1tl*®&frb<D£imifi1BiK. 
jM****Mtt"* ^ >X©1> >X.fflCAtJ-f 5B#©AI* 

MOW**!©***** («*«»). 4>©l/>XiBCA 

trr si$©Aitft 

hi : si ltlft±©ii±tlA* l ft©fi*&a^&***s 
&7ya#&&?te^£8J&*£ > >x© u >xhca» 
-rsnscxjtfts *av^Ht»i»*±cDii±«ij**»6©. 

(f©l/>X®tXit^S^©Altft 
0 : »IB***©«**»g (US) 

)te*»»*<(ii«-r«i/>x#*ffsc ( i 2 ) *«tw (i 

3) £i:fc.fc!K *©«****'<»$** 

5Ct%< > B£**iRtt£ffig©rft*g'fi>#jAglt 
tgiE-raz: 

[0 0 3 2] #$gW©fti60J£s »ttHBfcafi"3^T« 
W-T*. Ellis #JMloSaM!Cfr*4«»S*« 

©8jfc£*ii&a?jfcjs-r0T?fca. £fcs E2iis 01© 

S^^^PL©l/>Xffl^S:^-rET-feS. Hlfcfc 

A^fi^ftfcS&MligiibT©^ *;WR 
#il*nT*!l, ag**»FL®*BCttg*tt*. 
«fcLT©^x^W (£2fefl0 4»M**lTV^*.'c 

T£>K $x;\Wttag#**PL©&«AXfcSII& 

[0 0 3 3] l/5F-^;i/R©±*t{4. l/^£;i/R 

5, g«]ft£SHli SOfigCtfis fcfc*«i«(365n 
■) ©7fc£&i£t£*®7>X©idfc#$#ES;**l 

;i/R£!8BJ3bs &£ft¥SPLCDttttB (Haft!) AS 
©fig) CttJHW**««IS-«fO**©«WBJ«*n 
5. r*t>-6» I SHU Uf^;i/R«<r- 

5— «rw<d"* fc-^JS— HHwra. *b-ts a«***p 

#<7x;\W±£§7fc (IE?) 


[0 0 34] Hlfcjj*Ufc8«B#«ttCJ:'a 

(is sg-r 5 xn * g-r * ft sag b t u.y x h «*©» 

t, ^i^rD-fe^isiTtS. *bTs Oxy\XD-tz 
^#H7nL HfgOgAXgKTs tt*ft»6*Vfc 
BttgC«>xA*gg ItfyT'fttW 5^>y.s & 

*gWfc^W>lfcLT©*|MWMMI (LSI*) MH 

tt±c(±s ai&BMGfMfcHVMfctfx 

MUM'S y Ks ggm? (CCD*) *««"*- 

[0 0 3 5].B2*#JH-r4fc, »K***PLtts Ml 
ltrt*i:bT©U^*;i/R«i&»ftgfc:x IE©JB$f7J£W 
f £11 1 1/>X»G, fcs JKDlMf ****** 2 b> 
XS*G 2 hs E©B#r#£*f *8§3 b>XPG 3 fc» 
ft©IB*T**#f *JS4 l/>X»0 4 fc» IE©S«t** 
**-5»5y>X»G| fcs iE©JB#r***-r*»6 V 
>XSO, fc*>ftgJ«;**VC^«5. PLtt, 
(U*-dWR«) i5<fcVg«l (CxAWfiU) Cfc 

[0 0 3 6] miV>XPG,tts tt*flfr&M£ % g 
«fcOflffl*fi»jhfcJM=X*Xt'VXL| 1 i:, ttttflic < 
flffi*(q]ltfeiSflV>XL, 2 i:s «5frfflt^v>ft*©iii 
*fi ttfc 2 ttO^O U >X L 13 *5 «fc V L u t *> ft gfifc$ 

ft-cos. *2 1x>xhg 2 (±s g«4MMCi»3ti" 

fcW!flV>XL B (ii7j t/>X) its .gfegftCEBd 
ilTfcggCOflgtfittfcgXxafcxi/VXLa <« 
*b>X) hs WGflUVXL B J:Hy=X*rXl/>XL 
B t©BCEl*nTftOlBtf***f**PBV>Xff 
GafcfrftgjfcSftX^*. ^V^XPGalis 
flJ^ft^fCs ^fflt^V>tt$©ffi*(qilt*:iSdIil/>XL 

u (»ii/>x) mmKm^m&vmzfttttzmm 

V>XL ffi (^2V>X) fc. 4M*IB£&^lBl*©iB* 
"fi!»fcPliau>XLB (I31/>X) i:^ft«fiE$nT 

[0 0 3 7] ^3U>XgfG 3 (is %frffl!l*ftJits * 
fl|lC5i^n*©ffl*lRlH , &2ft©jE^=X*X1/>XL 
M *iTFL B i:,- iSflUVXLjjcts tlftfflltSS^ffi^ 
©®S:|S](tfeiSSfll'>XL3 4 i:s ^)frfJ^«v>ffl^©B 

* IrI It fc IE * x 7 * x U > X L 35 i: * ft tl J5£ £ ft T V ^ 
5. g§4ix>X8G 4 l±s ^fr#J^ftJit:s IfeffilltCflffi 

* I&1I f tc 2 ISc © fl > x ^ A X 1/ > X L 4 1 15 <fc V L « i: s . 
% <*#J IC Oil 1 ft |r3 It fc ft p< x ^ A * U > ^^X L 43 1 > ffi CD 


[0 0 3 8] H5 1^>XPG 5 j±, *ftfll*6Kt, «fc 
. ■fflCOffi*lS»fc2*OPofiiU>XL sl *J:WL B i:, 

]/>XL H t y WMII£J;Da^itt*©B*"rttt&PIia 

©2tt©iE.*=X*Xl>>XL S6 *.fcVLsTi:s &<8JJc 

igiB*nttfcii^=^*^u>XLMi:*6«irt**iT 

. ct!)^^ia^©ffi*|SHtfci^Ol->XL 61 i:, MMJC 
[Hffi*fattfcWia>>XLefcfr6«]ft3ftT^5. * 
fc, jE^^XAXU^XL^fc'pSIHUVXL^fcOHC; 
fc*> §§PlR»>AS#ffi«StVT:iO*o • 

fc)U *ttC»UT««U'l635lfi^=^*^U>XL 1 ,* 
.^tf^l8aSg|5«i:tTCD^l^g|5#T 1, *«C» 
UT-*WCM«Rrfil«:Pli!!il/>XL u *jJ:WPiflU> 
X L „*fttr)B'2 IMMMf tbTO®2 T 2 > 

•*ij*C»UT-*WC««Rlll*:iWflU>XL l 4*>'«tW 
ffieflPi/XLa*^»»3«S[*»i:UT©J6 3jfe*» 
ttTStfWJ&nx^aVJriifeMMJT 1, *2*¥ 
»#T2*J:tf!l3**iBWT3H:, ^t-f >tt«M4»6 

T, »l**.»«Tl-4:*2-**aMfT.2i:CDlilx ^2 
■.'■**»»T2i:JB3*¥«#T3 4:©IB, *3ft¥*tt 

(DE1~DE3) tfttttfeflTl^S. 
[0 04 0] Lfc#oT, »l**IMr.Tli:JI2**' 
■»tfT2'J:©Hoeift*?i)ElOffMtJ:!), S£ l'# 

■tfjfcucwutisiew-*. »2**»*rT 2 aig 

3 **ffl«T 3 fc©H©MM?D E 2 Off fflC J: b » 
SB 1*¥»«'T 1J:«2«?««T 2'i:#IHvtttJM 
d^A^UV-XLuiliiSfil/VXLufciPSiauvXLu 

ffljtf T-3 1: ^ -f >M*Mfc®ll©UM?D E 3 (Dim 
tJ:!)» *l**«»T.lkll2*»«»T2 4:l|3* 
¥«»T 3 i;#IH^TlilM =X,*X 1/ ^XL^Sfl 
l/^XLuhHiSibVXLishPiai/VXLu^nBflV 
>XL B i:*«3tllt»UT—«tfl?lC«»-rs. ffcfc 
*>> ^fUMYtt; gl*£»»Tl. Sg2ft£8MfT 

2**irtS3**»»T3t*n«iijfc(ic»w"c»i 

[0 0 4 1] #©lt (1)C, *'MK0liC«lt«tt^ 
*3RPL©B7cfflfil*»lfS'..'a (D C*WC» £«8 
-©K¥tt4li{tfi (l/?-*;i>Rf!l) *>£©&b>Xn5©II 
»4'v rtt*l/>Xi»iJM«i diigl^XEIS 


. H'S, -nliBJfeiSftA = 3 6 5 nmi:Mt5fiJT$S^ 

'1 U>X»G, ©a**ft:« (l/f-^^Rfll) OW>X 

B.fttft6U>X&G|©jitftfl (i>i;\W«) 
©!/>X1Bfr6JMB (-^xyNWffi) *T®»±e*t» 
NAfcta«*¥*PL©«« (frxAWfll) CiltSH 

wffi) STf©tt±ffi«fft*)%»fWBffi«**ti-eiia 

[0 0 4 2] 
[3U] 
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xo. uuuuu 

X. OOOOO 

Oft 
00 

jou. /y/00 

O. f 001U 


37 

434. 45763 

1 Q AAAAA 

13.00000 

1 C0CO7 
1. DOOZ/ 

38 

643.56408 

31. 17056 


39 

-951.39487 

20.00000 

1.66638 


(1) f,/L 

(2) f 2 /L 

(3) f 3 /L 


40 


3 46004 


41 

3QR 41239 

33 29191 

1. 53627 

42 

-22Q 24043 

0 50000 


43 

405 02177 

21 76952 

1 53627 

44 

-1456 27300 

0. 50000 


*io 

OOH. Ui-X"±^ 

34 87065 

1 53627 

46 

-RIB 02886 

8 19653 


47 

-226 66975 

20 00000 

1 66638 

48 

-421 19119 

0 50000 

V. WWW 


49 

245 00959 

27 62592 

1 53627 

OU 

-6478 64400 

0 50000 

v. www 


ox 

118 64887 
xxo. otoor 

24 82664 



182 84804 

0 50000 


CO 
00 

xuo. v 1 OO** 

2Q 80S17 

^57. OUOX # 

X. OvWif 

S4 

qAc fiftOdf: 
ouo. ooo**o 



00 

Q°.n 19fift^ 

OOU. 1XOOO 

13 nnnnn 

xo. uuuuu 

X. OOOOO 

uU 

AS RQ9S2 

7. 67289 


S7 

Of 

7fi fi^W 

90 110077 

X. UOQa/ 

CO 

OO 

_XAC /1U7QQ 

-40b. 4b /yd 

9/1-1 90Q 

z. 4izoy 


59 

-314.04117 

20.42250 

L 53627 

60 

1180.34000 

(Bf) 



= 0.129 
= - 0 , 0 3 0 
= 0.106 


(4) f 4 /L 

(5) f 5 /L 

(6) f,/L 

(7) I/L 

(8) (r m -r 2rr ) / (r m + r 2Fr ) 

(9) d 56 /L 

(10) d 6 /r 6P 

(11) fa/fa. 

[0 04 3] ±»©a»*** P L C* G 1-n t?^ 

■fv^xwftjfencwuTO. o i° tz\m®£-etzt 

m) £&©S (2) C^-T. S (2) K'fc^T* Gl-n 
X L u fr b m n# 1 © ^ >X S T ® 1/ > XSf L T I* 

t'viSo se>c.3vifnyu 8 1 &#±©**fJ#S&©J& 
*> 0«*P§n!!!c©±«#^#!f§ 2 W'nAWT Sftfi 


= -0.0 7 0. 
= 0.080 
= 0. 14 3 
= 2.02 
= 1.07 

= 0.007 
= 0. 9 83 
= 0. 6 3 5 
fc* 1 t)&±©S*Wi«©£*> h ©£#SI#$(S 2 «*' 

^ip ©R AM □ &©TfJft*§l#!f§ 2 Utt'sAft 1" S ffi 

^Att-r5{5iMi:©rnh©^iPT-fe5o 

[0 04 4] 
[g2] 



M-dist 

S-dist 





Gl-1 

0.95 

0.Z4 

1 1 o 

~U. Of 

-ft fll 

ft AQ 

Gl-Z 

n 11 
0. 11 

U.UO 

U. 11 

ft 1ft 
U. 1U 

ft ftl 

U. Ul 

ft ftQ 

ul-o 

_A O-l 

-U.Z1 

-ft ft1 
U. Ul 

1 4ft 

1 • tU 

ft 5*? 

ft 

-ft 4^ 

■ u . to 

(jr 1*4 

U. 00 

ft 9ft 

1 9Q 
1 • La 

ft «i? 
V/. 06 

ft 77 

-0 4? 

Lj 10 . 

n 9i 

U.£l 

ft 91 

-1 ni 

1 • uo 

-ft W 

-ft 71 

1 12 

ul 0 

U. 01 

ft 18 

-1 4? 

-0 37 

-1 05 

1.07 


-ft ?4 

U. £t 

0 1? 

-2 78 

-1.12 

-1.66 

3.45 

fx 1-8 

0 10 

0.12 

-5.33 

-3.41 

-1.92 

8.28 

Gl-9 

-0.44 

-0.38 

-3.42 

-4.97 

1.55 

10.44 

Gl-10 

0.28 

0.12 

-6.34 

-4.18 

-2.16 

10.17 

Gl-11 

0.73 

0.45 

-6.25 

-2.70 

-3.55 

4.95 

Gl-12 

1.23 

0.74 

-4.70 

-1.09 

-3.61 

-4.94 

Gl-13 

2.15 

1.11 

-4.49 

-0.31 

-4.18 

-14.52 

Gl-14 

3.77 

1.66 

-7.53 

-1.05 

-6.48 

-20.85 

Gl-15 

3.06 

1.46 

-6.37 

-0.61 

-5.76 

-17.70 

Gl-16 

2.05 

1.21 

-3.29 

0.33 

-3.62 

-10.37 

Gl-17 

1.85 

1,21 

-5.91. 

-1.06 

-4.85 

-6.88 

Gl-18 

0.47 

0.97 

-12.53 

-7.69 

-4.84 

22.21 

Gl-19 

0.63 

1.01 

-12.87. 

-7.40 

-5.47 

17.34 

Gl-20 

0,52 

1,21 

-6.88 

-9.79 

2.91 

79.49 

Gl-21 

1.10 

1.02 

-4.35 

-2.40 

-1.95 

24.08 

Gl-22 

1.01 

0.83 

-6.93 

-1.15 

-5.78 

2.38 

. Q l-23 

1.17 

0.61 

-5.71 

1.54 

-7.25 

-39.55 

Gl-24 

0.77 

0.57 

-7.10 

0.49 

-7.59 

3.78 

Gl-25 

0.28 

0.23 

-7.05 

1.22 

-8.27 

-13.38 

Gl-26 

-1.48 

-0.43 

-12.73 

-0.80 

-11.93 

-9.77 

Gl-27 

-2.47 

-0.80 

1.16 

0.87 

0.29 

28.87 

Gl-28 

1.26 

0.81 

-15.75 

1.10 

-16.85 

7.26 

Gl-29 

-0.22 

-0.04 

-2.51 

-1.24 

-1.27 

-37.07 

. Gl-30. 

0.00. 

0.00 

3.25 

3.26 

-0.01 

-0.10 

(a) tiu : 

SlJte*»ttTl«tt*# 

IfiJC^UTO 

.01°* 
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(2) ©Gl-1 CttJfc) .CDl|JRS0*il**^l/T^ 
5o Sfc, 03 (b) tt, JB1**»»T 1 i:fg2#^ 
SWT 2 ££#Wl£*fbT-&l$£0. Ol'^B-iiW 
(T«fc%« (2) ©Gl-3 fc*fji&) ©It© 
MCDgftSfc^LTl^a. 03 (c) tt, Ml 

Jte*«*f T 1 2 T 2 i;g§ 3 ##SS»T 3 i: 

*3t«t:j*LT-{w?)to. o i° ■tzttmrnz-stztz 

(-r&fc-*>8 (2) ©Gl-5 tttfc) <DmWL£(D%®m 
&jf,bX^So &*, 0 3 (a) ~ (c) CDtoOMMfc 

£ , fBKtt* y * ;i/ffio#^iRM 4 * ft? ft* b t o 
[o o 4 6] m (2) i&mtzt. sii 7 


5o oiD, ©fFgfKi, Jg&fttC 

Ji, bTO»>x>\W (%2®m X©g* 

•»*juc»bT 1 / 1 0 0 0 QSjsoiiT-fe 0 , a 

(1) t^t^SS^JOb^Xx-^T^is f)x;\Wt 
©«*«HM5#'l 5. 6mmf^50T% (3 
vfP) 0«FStttt v 1. 5 6/*mfljtfcfcS. #IWJ 

4. &*, Sn#¥»Tl#££3**»#T3fcfl!^ 
£ftfcb>X{4, £ft5£ (12) *«fcV (1.3) 
bT^3Chii^5£X#&V>#, WT©S (3) 
ft* (12) *«fctf*ftiS (13) ©&ft*ffcfia*;= 

to 


^12 

L13 
Lu 


[0 0 4 7] 
[313] 
h 1/0=0. 0 9 2 2 
h 1/0=0. 12 0 6 
h 1/0=0 
h 1/0= 0 
hl/0=O 
h 1/0=0 


12 9 5 

13 0 0 
12 9 6 
15 5 0 

[0 0 4 9] 
[£4] 

(a) ha/Y=0, 

(b) hb/Y = 0, 

(c) hc/Y = 0, 


hO/0= 0. 3 4 2 9, 
hO/0= 0. 3 4 0 9, 
hO/0= 0. 3 2 8 8, 
hO/0= 0. 2 8 9 9, 
hO/0= 0. 2 3 3 3, 
hO/0= 0. 1 8 7 4, 
[0 0 4 8] fib, **£ab«*8ol/>XttL M Tfi&. 
D, ^©^©g^*^g0{42 2 7. 5mmT-$i5. * 

SMKtUTUf^;!/ Rffil^tt* (a) ha/Y = 0. 98 68 

b(D£Ki®wmmutttLT<Dmi..m2i5±vn3% (b) hb/Y=o. 9057 

&&tt**to*'toMaTzm<D»tmm#m*zziiifim (c) hc/Y=o. 5788 

d©fc»^-**flS«T?tt;'Ja«BJKi:UTU^ [0 0 5 0] fib, hatt«^Sml©S 1*»_«WT 

R©«**rtM^ 6 ©£#!«*«»*- l£8ffi£^£IMx**;*b>XL 11 £ifraj-f5B$©it 

.*t}©*llM»#fcLT©ai3fc*«# (ft^x** hbttf«^-r5BU©m2^a5«T2©«*)^fil 

71/>XL U ) T lfcfttijf £BS©!tmiiS£ha, &g fcftitr5P3Al'>XL, 3 £ttffi-f SBtCtttiiiii, h c 

mf&t^Xlsl-tJl (*l*JM«.R©«*»iM5fr&© (ifi^-r5BU©m3^gf5«T3©«*^«|CfiEg-r5 

±*^* ! ili^1-Sij©m2^Eg|5Wi: bT©»2**» MISl^XLtffcttaiTS^tfaj&^ft^ft^bT 

*t (KflL/>xLi 2 *5«tzi c L 1 3) T2 4wa-rs^©it . &&mt&tLTis?-tf;)' (Mimm B.com±® 

ttiiSfchb, tSMMtit.\,XUf->7)y (glfett) R© #i§Yi± 7 8 mmXfc£o 

«*»f*:i»<»»6©i*«A«M»t5fi!r0»3«»»»i: [0 0 5 1] 03t*-r«t5t, »1**»»T1*« 

bX©»3**»» («fl>>XL M *,fcVPil3l/>X .«***ft«*x-i:U. JB1**»«T1 fc*2**» 

L zr ) T3*l*a-r*l$©ltaj**hc, JS^JSJK^b *fT2k*-»»C«»***A*fyi:U.»l3l6* 

tOl/f^ail*) R©»*»flt»*.Yi:-r5i: «WTlk»2**«WT2 2:J|3**«fT3t*- 

*» ttT0*ftSC (a) ~ (c) *»JELT^a. {M9fcffl8S#Sfclt* z fc-TS. ^©*l£, S (2) 

0.9 5<ha/Y (a) tStJV>T, M-dist, S-dist*iv#£RS3tfciU *ft* 

0. 8 2<hb/Y<0. 9 3 (b) ft&©& (d) ~ (f ) T*at£ftS. &*, 3 (d) ~ 

0. 5 2<hc/Y<0. 7 2 (c) (f ) C*^T, MtMKrf* yUilTzCfttlilt 

u:t% WTfflg (4) t^ftS (a) ~ (c) ©$ft fe4o 

M-dist = 0. 9 5x-0. 21y + 0. 21 z (d) 

S-d.ist = 0. 24x-0. 01y + 0. 21 z (e) 

^RSH = -0. 8 lx+0. 8 5y-0. 7 1 z (f) 

[0 0 5 2] bfc#oT, *SOS«t*^T, S-dist* 0. 0 3, z=-l9. 3 1 t%Ziio K^HMlAftx 

«fcW*jlHIBISt*4*#5ii:ft<"M-di8t«»*fc4:* ~z (#) £f&J2|-f ftl£<fcv>o Sfc, M-dist* J: 

«0. 2 /zmffilEI- x=16. 8 9, y = - 5C£fc< S-dist£l:)-££i:;tf£0 . 2 
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timffisEtZKUt, x = -2. 9 0, y=4 9. 71, 
z = 6 2: 8 2 i:«5«fc?C&jlSfctf|gx~z (#) 4 
fflflp-TftttJ:^. M-distt3<fctfS-dist4&4;* 

Sfc(±, x = 4. 1 4, y=l 4. 7 0, z=-4. 0 
3 fcfc*J!SC#i!i*W!*x~-z («-)-'*«PJ»-r*l«'«t 
^» :o bt\ jfcjytefllT-tt, 3o©#¥aMf©fM!fc: 

[0 0 5.3];W, ±Jfi©*lfiWettx ##5*8Btt4# 

SJIlvCV^S. b*>bft#5>, ##5*»*f**lftC**b 
Tl«^^-li-5fte©*^i: bT, £3fc£BW©li8CD.«»e 
3fC*V^T fe t mfr £>$:+;C/ m©JP£ ©£«$$ 

; V * X V 0 x j\ © 5 o c ft S & flf Br (c ^ - * £ m JES b , 
-*h©fiv{ca-3^TiRMa!£-f fchxtf^ 

ii:t<tt), a^bfciRnats^-t&^gWT 1 

~T3©ffil()*S9!lfl:1-2.Cii;*ST-ta. 

UfcJR*Oi»H»^IBi:«:i. **'«ttt, 01 £ 
^Ufc^x^W4«^5^x^^x-.^WS©-4gk: 

tf. (T 1 ~T 3 ) ©««g4ffaj-r5ffliEggttBgl5*IS: 
W\ *©l*iE«*ai«*&©i*jEfl»K:aS"3vv 
t, #MHttr (Ti~T3) c*r*Sb-tatt*>ftfce 

xVm^©Si!ig|5# (DE1-DE3) 4-eft^ftB 
g# RTfli:&3. d©EK £xAXT-ywS©{£II4 

tf«y r a t * x^ 7.7— v w s ■* 5 * - 

j« t 4 ffi i fcffittSU D U ZmW bT \ "*x;\* x-y 
WSfflffi«*'»W1-*#J»*CSCE)rtfflt*^T^.ffili 
if, ttjESfttiiS&ltttS. fc*>\ -C©*liEaiHB»C.. 
ii, ±Mbfc5£ (d) ~ (f ) 9?#IBtt£ftT 

[0 0 5 5] *bT> JR3Stt*B©£»©'v-»#J&/S 

^Hfey* h u?-»;i/ia»©S3fe*ff 5 b^^ott. 
to D fc>>*j/;iy-5?fc«to**-T., b b?-*;u 
©^^->B54»^^©«Jfrfi!JtlS^-rsi:ftt:, 
■ftfjDut^i/'t^x/N^f-ywstit**!:, 
s**«D*a«***©ii**«rtci9!«-r5. *© 

^©f7 h b^*;i/©#7-*«M?4S«3fe£** 


4fflv^Tfi6*vfc«**a*6©ia*(i*t*-3^ , rx 

$J$£CS©rtg(5©iSlEfigtijas#, £I®8g(S** (Tl 

~T3) ©<«^fi4etii^, mmm^i&mm&tt <d 

E l~DE3).^Htfj'bT\ Gftffitt (D E 1 ~D E 
3) t*'ii*ftB»3*i. £*i£J;»K fi#*®DC 
■tttS!l$tlfc^JRM4tfiE-rS«t5t§SlS»*J : (Tl 

~T3) ©fit4*n-e*iii>a£-fS££#T-§3. 

¥»#i:4^ttS»a«rS<S©a«*¥*t:affl U#3 
[0 0 5 6] 

■*«i&#£J^ft£©B^#a#bT*H as?^ 
SMflStte tifcttST C ft.$ ©^#JRM 4 S8Rf.«IE^5 
cifc©^§aafeg#$SS4fl£3-5c:fc#T-£S. 
©£*, b*<T*\ «CB 

[■m©n**M!]' 

[Ei ] *^w©nag^t* i ^2.a^s^!i©#i^4 
[E2] Hi©a»**3RP:L©i/>x*ia**-rHTf 

[03] (a) ttJll**««Tl«H-**llt«-bT 
0. 0 1^ «ttMM$«^2:$.©ttJRII©XiiS«x 

(b.) I±^1*^«T 1 i:^2 3t^SI5«T2i:4*iil 
t»UT-#«fc0.. 0 1° ^(t<S^$-&fei:g©^iR 
M©^l&g4> ( c ) ttJB 1 **»«T 1 i:» 2 Jfc^gB 
»T 2 fc»3*MMf T 3 fciJteWCWbT-ftWC 
0. 0 1° ^£lt<«^$-a-fci:§©^iRM©^ftM4^n 

IS i^^^S 
R 

rs 

PL ai^£ 

AS BBQttt) 
W >^x;n 
WS ^JL)\7>7—V 

Tl SI ^^g|5# 

T2 &2tt¥ffitt- 

T3 •»3Jt*«» 
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